Among the consequences of the epidemic of highly pathogenic avian influenza which affected Italy between 1999 and 2000 was an epidemic of Newcastle disease in northern and central Italy. It affected industrially reared poultry, dealer flocks and backyard flocks, with a total of 254 outbreaks notified up to December 31, 2000. Virological investigations yielded virulent isolates of Newcastle disease virus, which produced intracerebral pathogenicity indices ranging from 1.6 to 2.0 and which, on the basis of their monoclonal antibody binding patterns, could be classified as belonging to group C1. The clinical, gross and microscopical findings were typical of Newcastle disease, and different avian species were susceptible to different degrees. Chickens and guinea fowl appeared to be the most susceptible, followed by pheasants, turkeys and ostriches. The epidemiological inquiry highlighted the crucial role of a broiler hatchery in initiating the epidemic, and of dealers in perpetuating it. The control measures imposed by Directive 92/66/EEC are discussed with reference to the outbreaks in backyard flocks.
Virology
Selected organs collected from dead or humanely killed moribund birds and cloacal swabs taken from dead, sick or healthy birds were processed for attempted virus isolation according to the guidelines in EU Council Directive 92/66/EEC (CEC 1992) . Suspensions (10 per cent w/v) of organs or faeces in phosphate-buffered saline containing antibiotics were homogenised, clarified and inoculated into the allantoic cavity of nine to 11-day-old embryonating specific pathogen-free (SPF) fowl's eggs. Allantoic fluids collected from the dead or chilled embryos were tested for haemagglutinating activity with a 1 per cent v/v suspension of chicken red blood cells. A minimum of two serial blind passages were made of each sample.
Identification of haemagglutinating agents
Allantoic fluids from embryos which died shortly after inoculation were tested for bacterial contamination by routine methods. Haemagglutinating agents were identified by means of the haemagglutination inhibition test, using a monospecific antiserum against Newcastle disease virus raised in SPF chickens, as described in EU Directive 92/40/EEC (CEC 1992) .
The isolates were further classified by means of a panel of 28 monoclonal antibodies as described by Alexander and others (1997b) .
Pathogenicity of isolates
Twenty-five isolates were tested for virulence by the intracerebral pathogenicity index test in day-old SPF chickens (CEC 1992) .
Sequence analysis of the F protein cleavage site
In order to determine the amino acid sequence of the fusion protein cleavage site, nucleic acid from the isolates was extracted and a portion of approximately 400 bp of the fusion (F) gene was sequenced by the methods described by Collins and others (1994) and Alexander and others (1999a 
Histopathology
Selected organs were sampled and immediately fixed in 10 per cent phosphate-buffered formalin. The fixed tissues were embedded in paraffin, sectioned at 3 µm and stained with haematoxylin and eosin.
Epidemiological investigation
A standardised questionnaire was supplied to the field veterinarians in order to collect data for the epidemiological investigation. The objectives of the investigation were to establish the origin of the infection, to determine the period during which other establishments were at risk of infection, to identify the flocks which were directly or indirectly at risk of infection, and to determine the risk factors for the spread of infection.
RESULTS
Between May 5 and December 31, 2000, 254 outbreaks were diagnosed, notified and stamped out according to EU Council Directive 92/66/EEC (CEC 1992) . A total of 17 outbreaks occurred in intensively reared poultry, 17 at dealers or 'svezzatori', one on an ostrich farm, and 219 in backyard flocks. Data on the outbreaks are summarised in Table 1 .
Clinical and postmortem investigations
In chickens the clinical signs were initially characterised by anorexia, depression, listlessness and ruffled feathers. In most cases nervous signs such as incoordination, tremors, opisthotonus, torticollis, paralysis of the wings and nervous tics were the predominant clinical signs. Other clinical signs included severe conjunctivitis, respiratory distress such as gasping, and enteric signs dominated by the production of a brilliant green diarrhoea. Mortality rates were generally high, on some farms approaching 100 per cent of the birds, with death occurring within 24 to 48 hours after the onset of clinical signs. In meat-type guinea fowl, Newcastle disease developed as a peracute disease; initial depression was followed by a rapid increase in mortality resulting in the death of 12,000 birds (100 per cent) in five days. Only a few birds showed clinical signs, with a dark green diarrhoea, nasal discharge, and death preceded by pedalling movements while the birds were recumbent. One attempt to isolate the virus from turkeys was made at an abattoir, on viscera collected from vaccinated birds which showed no clinical signs. Predominantly nervous signs, affecting 10 to 15 per cent of the birds, were observed in turkeys raised on semi-intensive farms by dealers. In pheasants, nervous and enteric signs were observed with high mortality rates in unvaccinated birds. Only young ostriches less than one month of age were affected by a clinical condition characterised by depression, anorexia and haemorrhagic enteritis. In chickens, the postmortem findings were typical of Newcastle disease. The most striking lesions were haemorrhages on the proventriculus and necrosis of the caecal tonsils and of the Iymphoid patches along the intestine. The spleen appeared enlarged and covered with pin-point necrotic foci. The lungs appeared congested, the trachea was lined by a catarrhal exudate and its mucosa had petechial haemorrhages. In guinea fowl, only a few birds had postmortem lesions, which were less evident than in chickens. Catarrhal tracheitis, with petechial haemorrhages on the trachea and pharynx, occurred occasionally. A few cases had pin-point haemorrhages on the proventriculus and haemorrhagic duodenitis. Because only backyard and semi-intensive farms with turkeys, and one small ostrich farm, were affected, no samples from them were submitted for pathological investigations, and the disease was promptly stamped out on the infected farms. Pheasants showed postmortem changes similar to those in chickens, with haernorrhages on the proventriculus, on the intestinal mucosa and to a smaller extent in the respiratory tract.
Hístopathology
In chickens, individual to confluent foci of necrotic Iymphocytes were detected in the spleen and caecal tonsils, and there was extensive necrosis of the follicular lymphoid cells in the bursa of Fabricius. Necrotic foci surrounded by lymphohistiocytic: infiltrates were observed in the myocardium. The intestinal lymph nodes were affected by necrotic: processes which extended to the mucosa, resulting in diphtheroid enteritis. Haernorrhagic lesions were detected in the mucosa of the proventriculus. In a few cases, a catarrhal exudate covered an oedematous, haemorrhagic tracheal mucosa. Despite the clinical signs observed in the field, no histological lesions were detected in the central nervous system. In affected pheasants there was a congestive condition in all the organs examined. Catarrhal proventriculitis, focal necrotic duodenitis and hyperplasia of the associated lymph nodes were also observed. There were no haemorrhages in the caecal tonsils.
Bacteriological investigations
Routine bacteriological investigations of selected organs consistently gave negative results in all the birds examined, except for the ostriches, from which Clostridium perfringens was isolated.
Virological investigations
Following the suspicion of Newcastle disease, samples collected from all the intensive and dealer flocks, and from a significant number of backyard farms, were processed for attempted virus isolation and yielded a haemagglutinating agent on first passage. All the samples were tested for bacterial contamination by routine methods, with negative results. During the epidemic 111 samples were processed for attempted virus isolation and 68 were positive. A further 20 isolates were received from other laboratories for the identification and characterisation of the virus. The haemagglutinating agents were identified as Newcastle disease virus with the monospecific antiserum (CEC 1992) and, according to their monoclonal antibody binding pattern, they were all classified as belonging to the C1 group.
The amino acid sequence deduced for the region coding for the cleavage site of the F protein of a selection of 13 isolates was ... SGGRRQRR~FIG ... demonstrating the presence of multiple basic amino acids, which is a characteristic associated directly with virulence (Collins and others 1993). 
Pathogenicity
In the intracerebral pathogenicity index tests values ranging from 1.6 to 2.0 were obtained for the 25 isolates tested, confirming their virulence for chickens.
Epidemiological investigation
The results of the epidemiological investigation indicated that a crucial role in the epidemic was played by a broiler hatchery. This hatchery had imported 32 batches of hatching eggs from other EU Member States and three batches from other European countries, which had been delivered, incubated and hatched between March and April 2000. The first outbreaks were reported between April 24 and May 12, 2000, and were in industrially reared poultry. Of these, seven broiler flocks located in five different provinces, and all originating from the same hatchery, were affected by Newcastle disease (Fig 1) . Furthermore, four of these flocks also had functional connections, such as a shared feed lorry. Subsequently, the infection affected the dealers, probably as a result of movements of small batches of infected birds from the hatchery or from the infected farms. In all, 17 dealers were affected, and as a result of their selling birds on to retailers and rural farms there were another 219 outbreaks in eight Italian regions (Fig 2) . A further two outbreaks were subsequently diagnosed in intensive poultry, one in a guinea-fowl farm owned by a dealer who also owned another infected semi-intensive establishment, and one in a layer-pullet flock that was less than 700 m from an infected semi-intensive dealer flock. From these results it can be concluded that the hatchery was the primary source of the infection in intensively reared poultry. Furthermore, taken together with the field evidence it appears that, if the infection enters the dealer circuit, it may be very difficult to control and an unpredictable number of outbreaks may occur in backyard poultry.
DISCUSSION
From the clinical, gross and histopathological data collected during the epidemic it appears that chickens and guinea-fowl are highly susceptible to Newcastle disease, but that turkeys, pheasants and ostriches are less susceptible. That chickens are more susceptible than turkeys has been reported by several authors, and recently by Alexander and others (1998b) . From the analysis of the epidemiological data, two relevant factors emerged. First, that hatcheries may play an important role in the spread of Newcastle disease. Although the vertical transmission of the disease has been reported in only a few cases (Pospisil and others 1991, Capua and others 1993) , the possibility cannot be ruled out. However, since it is well known that high concentrations of the virus occur in faeces, the contamination of the egg shell with infected faeces could provide a means of entry into the hatchery. Secondly, the role of dealers or 'svezzatori' in disseminating and perpetuating the infection has been highlighted. This category of retailers also played an important role in the epidemic: of HPAI which occurred in north-eastern Italy during 1997 and 1998, which was caused by a type A virus of the H5N2 subtype (Capua and others 1999b) , and their role may be considered similar to the role that live bird markets have in the epidemiology of avian influenza in the USA (Trock 1997) . The origin of the infection is unknown. Newcastle disease viruses belonging to the C1 group caused outbreaks in Scandinavian countries others 1997a, Jorgensen and others 1999) and in the UK in 1997 (Alexander and others 1999a) . Only sporadic outbreaks and no other epidemics have been reported since (Alexander and others 1999b) . However, phylogenetic data (Cattoli and others 2001, Herczeg and others 2001) indicate that the viruses responsible for the Italian 2000 epidemic are indistinguishable from the Scandinavian and UK isolates of the late 1990s. It therefore appears that these viruses may be circulating undiagnosed throughout Europe. A possible explanation could be that the clinical disease appears only in an immunologically naive population (Scandinavia, the UK, and for the reasons discussed earlier, in this case Italy), and that in the face of high mortality levels farmers and veterinarians submit samples to diagnostic laboratories. In contrast, in countries in which a vaccination policy is applied, the infection may circulate easily without causing any clinical signs, thus making diagnosis more difficult. It would seem. logical, therefore, to implement specific surveillance and monitoring schemes in European countries, in order to detect the presence of Newcastle disease virus. In the authors' opinion, a further problem has emerged from this epidemic. The restrictions imposed by Directive 92/66/EEC include a protection zone of radius 3 km and a surveillance zone of radius 10 km, regardless of the size of the flock affected. A similar restriction, concerning trade, is imposed by the OIE International Animal Health Code (OIE 1992) , which requires the implementation of restrictive measures in domestic birds, not differentiating in this definition backyard flocks from intensively reared poultry. In the epidemic that occurred in Italy, 219 of the 254 outbreaks were in backyard flocks, and many protection and surveillance zones were designated, requiring considerable energy and effort by the public veterinary services. Furthermore, these zones often caused movement restrictions on the intensive farms which were located within them. In the authors' experience, outbreaks in naive backyard flocks are self-limiting, and after the infected flock has been stamped out, it is very unlikely that the infection will spread further. It could therefore be suggested that less stringent restrictive measures should be applied to backyard flocks, leaving in force those listed in Directive 92/66/EEC for dealer flocks and intensively reared poultry. The application of less stringent measures for backyard flocks would have the advantage not only of reducing the workload on public veterinarians but also of avoiding economic losses to farmers who rear poultry intensively in the restriction zones.
However, there may be difficulties in defining a backyard flock. A possible criterion could be the number of birds in the flock; however, this appears to be inadequate because the number is related to the species reared, for example 50 chickens can be considered a backyard flock, but 50 ostriches would be considered an intensive establishment. A similar problem is encountered if the characteristic of open-air rearing is considered as a criterion; intensively reared ostriches are raised in the open as are some emerging breeding categories, for example, free ranging layers. Another suggestion could be that a backyard flock might contain a limited number of birds, for example, less than 100, and more than one species. However, this definition is unsatisfactory because some rural flocks contain only one species. Rather than defining backyard flocks on the basis of the numbers and types of birds on the farm, another option would be to define them on the basis of the presence or absence of functional connections with industrial establishments. In the authors' experience a backyard flock has the following characteristics: the birds are reared for family consumption; they are slaughtered and prepared on site with no abattoir processing; and the meat and other products are consumed on site or locally, and never enter the industrial circuit. A combination of these or other characteristics may be considered valid in defining a backyard flock for regulatory purposes, and should be established at a central level.
